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ABSTRACT 

In early October 2008, the Soft Gamma Repeater SGR J1550 — 5418 (IE 1547.0 — 5408, 
AX J155052 — 5418, PSR J1550 — 5418) became active, emitting a series of bursts which trig- 
gered the Fermi Gamma-ray Burst Monitor (GBM) after which a second especially intense ac- 
tivity period commenced in 2009 January and a third, less active period was detected in 2009 
March-April. Here we analyze the GBM data of all the bursts from the first and last active 
episodes. We performed temporal and spectral analysis for all events and found that their tem- 
poral characteristics are very similar to the ones of other SGR bursts, as well the ones reported 
for the bursts of the main episode (average burst durations ~ 170ms). In addition, we used our 
sample of bursts to quantify the systematic uncertainties of the GBM location algorithm for soft 
gamma-ray transients to < 8°. Our spectral analysis indicates significant spectral evolution be- 
tween the first and last set of events. Although the 2008 October events are best fit with a single 
blackbody function, for the 2009 bursts an Optically Thin Thermal Bremsstrahlung (OTTB) is 
clearly preferred. We attribute this evolution to changes in the magnetic field topology of the 
source, possibly due to effects following the very energetic main bursting episode. 

Subject headings: pulsars: individual (SGRJ1550 — 5418, IE 1547.0 — 5408, AXJ155052 — 5418 
PSR J1550 — 5418) — stars: neutron — X-rays: bursts 
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1. Introduction 


Soft Gamma Repeaters (SGRs) together with 
Anomalous X-ray Pulsars (AXPs) comprise a 
small group of X-ray pulsars with many obser- 
vational similarities. They have slow spin peri- 
ods clustered in a narrow range (P ~ 2 — 12 s), 
and relatively large period derivatives (P ~ 
10 -13 — 10~ lo ss _1 ). Their infe rred surface dipole 


magnetic fields of 10 14 — 10 i5 G (Kouveliotou et al 
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1998 . 19991) . place these sources at the extreme end 
of the distribution of magnetic fields in astrophys- 
ical objects. Such objects were predicted theoret- 
ically by Duncan fe Tho mpsonl ( 19921) , IPaczvnskH 
( 19921) . and by Usovl ( 19921) : the former team 
named such high B— field sources “magnetars”. 
Phenomenologically, a distinct difference between 
AXPs and SGRs is manifested by their burst- 
ing activity behavior. SGRs have been observed 
to undergo active episodes with a multitude of 
short, soft bursts with energies upwards 10 36 erg, 
reaching over 10 45 erg in the case of the very 
rare Giant Flares. AXPs, on the other hand, 
are not such prolific and energetic bursters. As 
a result, SGRs were historically discovered from 
their burst activity, while AXPs were set aside 
from rotation-powered X-ray pulsars by their tim- 
ing propert ies with no bursts. This changed in 
2002, when Gavriil et al.1 ( 20021 ) discovered bursts 
from the AXP 1E1048. 1—5937; today almost all 
AXPs have also been shown to emit SGR-like 
bursts, albeit fainter. As a group, magnetars are 
persistent X-ray emitters with X-ray luminosi- 
ties ranging between 10 32 — 10 36 ergs _1 , larger 
than those obtained by rotational energy losses, 
supporting the hypothesis that magnetic field dis- 
sipation powers their X-ray emission. Alternative 
models, such as e.g., accretion from a fossil su- 
pernova fail-back disk, have also been invoked to 
explain the ma gnetar emissi on; for comprehen- 
sive reviews seg^ Woods fe Thompson ( 20061 ) and 


Mer eghettii (120081 ) and references therein. 

SGR J1550 — 5418 is a source that has un- 
dergone multiple identity changes. The source 
was discovered in 1980 with the Einstein obser- 
vatory ( Einstein source: IE 1547.0 — 5408) dur- 
ing a search for X-ray count erparts of COS- 
B unidentified 7-ray sources ( Lamb fc Markertl 
198 11. The Advanced Satellite for Cosmology 
and Astrophysics ( ASCA ) confirmed the detec- 
tion during a Galactic Plane sur vey in 199 8 


(ASC A source: AX J155052 - 5418, ISugizaki et al 


200ll) . iGelfand fc Gaensler ( 20071) proposed, on 
the basis of X MM-Newton and Chandra X-ray Ob- 
servatory (CXO) observations in 2004 and 2006, 
a potential magnetar/SNR association between 
this X-ray source and the Galactic radio shell 
G327.24 — 0.13. The location in the center of 
the SNR candidate, the relatively soft X-ray spec- 
trum and the X-ray variability favored a magnetar 


model explanation, however the XMM observation 
only set an upper-limit for the peak-to-peak pulsed 
fraction. The crucial piece of evidence was finally 
prov i ded by r ad io o bservations (PSR J1550 — 5418; 
Camilo et al.1 2007 ). Their measurement of the 
spin period of 2.07 s and period derivative of 
2.3 x 10~ n s s _1 led to an estimate for the surface 
magnetic dipole field of B ~ 2.2 x 10 14 G, which 
confirmed the magnetar nature of the source. 

Due to the lack of bursting activity, the 
source was initially characterized as an AXP 
20071) . 


( Camilo et al 


However, in 2008/2009 the 
source entered an extremely active period emit- 
ting a plethora of SGR-like bursts, in three active 
episodes, of which the first and the last were the 
least prolific. Based on the main episode behavior, 
during which several hundreds of bursts were emit- 
ted during a 24-hour period, simil ar to the burst 
“storms” of SGRs 1627 — 41 ( Esposito et al.ll2008l). 


SGR 1900 + 14 ( Goa ds et al.l 


2008) and SGR 1806 - 20 (iGoaiis et al.ll2000D. the 


1999; 


Israel et al 


source was renamed as SGR J1 550 — 5418 ( Palmed 
20091 Kouveliotou et al.1l2009l) . A detailed study 
of the 2008 October Swift X-ray b ursts from 


SGRJ1550 — 5418 is presented in Israel et ahl 
( 2010t ). A detailed analysis of ~ 200 bursts de- 
tected within a few hours on January 22 with the 
International Gamma-Ray Astroph ysics Labora- 
tory ( INTE GRAL), is presente d in Mereahetti et al.l 


( 20091) a nd (S avchenk o et al. ( 2010l ). Finally, 
Terada et al.l ( 2009 ) present the analysis of over 
250 bursts (50 keV to 5 MeV) detected with 
the Suzaku/XBde-banA All-sky Monitor (WAM), 
while the observations of the Swift/BAT, Ko nus- 
Wind, and RHESSI are publishe d bv lGronwall et al.l 
( 2009 ). [Golenetskii et al. ( 20091) . and lBellm et al. 
([20091 ) . respectively. 


Chandra and RXTE observations, performed 
after the 2008 and 2009 outbursts, provided ev- 
idence of a decoupling betwee n magnetar spin and 
radiative properties (Ng et al. 20111) . The pulsar 
spin-down was observed to increase by a factor of 
2.2 during the first 2008 event, in absence of a cor- 
responding spectral change. During the more en- 
ergetic 2009 events no such variation was found. A 
comprehen sive analysis of multiple instrument X- 
ray data bvlBern ardini et ah ([2011) recorded since 
the 1980 discovery of the source, showed that the 
X-ray flux history can be grouped into three levels: 
low, intermediate and high. The observed persis- 
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tent spectra harden when transitioning from the 
low to the high state, with the power-law com- 
ponent becoming flatter and the temperature of 
the blackbody increasing. During the high flux 
state the pulsed fraction decreases with energy and 
shows an anti-correlation with the X-ray flux. 

The Gamma-ray Burst Monitor (GBM) on- 
board Fermi detected all three active episodes of 
the source. A detailed temporal and (integrated) 
spectral study of the main (second) burst episode 
(2009 January 22_to 29) com p rising 286 bursts was 
published bv lvan der Horst et al.l 1 2012 ). A search 
in the Fermi /LAT data in the 0.1 — 10 GeV energy 
rang e did not reyeal si gnificant gamma-ray emis- 
sion ( Abdo et al. !5qT3)- During this episode, the 
first GBM trigger on 2009 January 22, showed a ~ 
150 s long persistent emissio n with intriguing tim- 
ing and spectral properties. iKaneko et al. ( 2010h 
identified coherent pulsations up to ~ 110 keV at 
the spin period of the neutron star and an addi- 
tional (to a power-law) blackbody component re- 
quired to model the enhanced emission spectra. 
The favored emission scenario is a surface hot spot 
with the dimensions of the magnetically confined 
plasma near the neutron star surfa ce (roug hly a 
few x !0~ 5 of the neutron star area). Tiengo et al 


( 2010h claimed two best fit source distances of 
3.9 kpc and ~ 5 kpc, using the X-ray rings around 
SGR J1550 — 5418 produced by dust-scattering. 
Here we adopt a distance of 5 kpc. 


Such an extensive burst activity with hundreds 
of bursts within a few days has only been observed 
from three more sources in the past: SGRs 1806 — 
20, 1900 4- 14 and 1627 — 41. However, lower level 
burst activity prior to the main bursting episode 
was only seen from SGRs 1900 + 14 and 1806 — 20. 
Detailed spectral analyses of the bursts from these 
sources showed that the spectral properties of the 
earlier bursts were not distinct from those occur- 
ring during their peak activity episodes (Gogii§ et 
al. 1999, 2000). In contrast, in SGR J1550 - 5418 
the “before” and “after” burst episodes (2008 
October and 2009 March April ) were signifi- 
cantly different than the main “storm” of activity: 
the burst rates and event intensities were much 
lower. We report here our spectral analysis re- 
sults of the first and last bursting episode from 
SGR J1550 — 5418, where we see for the first time 
a clear distinction between the spectral shapes of 
events detected before and after the main active 


episode of the source. Therefore, we find here an 
intriguing new type of behavior that was not ob- 
served before in other SGRs. In (J2] we present 
an overview of the source burst activity as seen 
with GBM, while f}3] presents detailed temporal 
and spectral analysis of the bursts. Since this is 
the first soft transient source detected with GBM, 
we discuss here also the GBM location accuracy 
for soft sources. We discuss our results and in par- 
ticular the implications of the spectral differences 
between the two episodes in )|4j 


2. Overview of the GBM Observations of 
SGR J1550 - 5418 bursts 

On 2008 October 3, GBM triggered four 
times on soft burs ts consistent w ith the sam e 
Galactic location ( von Kienlin fc Briggsl l2008h . 
The source t riggere d also the Swift satellite 

approximately 25 min 


( Krimm et al 


after the first GBM trigger, enabling an ac- 
curate location and the subsequent identifica- 
tion of the source wit h the magnetar candi- 
date IE 1547.0 -5408 (iRea et a!.M200ih The 
GBM locations were all consistent with the 
IE 1547.0 — 5408 position (see section l3J2l) . None 
of the GBM bursts on 2008 October were de- 
tected with Swift , as the two spacecrafts were on 
opposite sides of the Earth; an untriggered burst 
search did not reveal any additional bursts. The 
last GBM burst activit y was recorded o n 2008 Oct 
10, 12:53:38 UT I van der Horstfe Briggd 2008 ). 

The source became active again on 2009 Jan- 
uary 22, in a second peri od of extr emely high 
bu rsting activity ( Gonnaugh ton fc Briggsl 20091: 


vo^Kienlii^^_£onnangI^ n 20 ()qH k ouveliotou et al 


20091 : Mereghetti et al. 2009f) . with several short 
and very bright bursts occurring at intervals of 
a few seconds to about 150 s between average 
bursts. In the next ~ 30 d, the instrument trig- 
gered on 117 discrete bursts through February 24, 
of which 15 were extremely intense, saturating 
the data rate. During the first 24 hr (January 22) 
only 41 triggers were recorded since GBM flight 
software requires a minimum of 596 s between 
triggers. A search for untriggered events revealed 
a total of ~450 bur s ts during this 24 hr perio d 
( Kaneko et al. 20 id : Ivan der Horst et all l2012h . 
The source remained active until 2009 February 
24, albeit with a decreased rate of roughly two 
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Fig. 1. — Number of SGR J1550 — 5418 bursts per 
day over ~ 210 days. Three active periods are 
clearly visible, with an activity peak at the begin- 
ning of the second period (MJD 54850). Arrows 
indicate times of 61 exceptionally bright events 
(note that there is significant arrow overlaps in 
the figure). 

triggers per day, with exceptionally intense bursts 
occurring about once per week . 

After a month of quiescence the source entered 
a third period of medium activity, starting on 2009 
March 22, 18:56:23.75 UT and lasting until 2009 
April 17. During this period the GBM triggered 
14 times with ~ 4 hr to ~ 6 d between individual 
triggers. The search for untriggered outbursts did 
not reveal any additional event. Only one bright 
burst caused a saturation of the onboard science 
data bus. During this last period, the mean burst 
fluence and peak flux were brighter, compared to 
the October 2008 activity, but fainter, when com- 
pared to the 2009 January - February period. The 
three periods are shown in Figure |Tj as the num- 
ber of events per day, exhibiting a distinct peak at 
the beginning of the second activity period (MJD 
54850). 

Table Q] shows the list of GBM SGR J1550 — 
5418 triggers and bursts during the 2008 October 
and 2009 March - April activity periods. The first 
trigger on 2008 October 3, includes 15 individual 
bursts. None of these bursts showed emission in 
the two GBM BGO detectors (0.2 — 40MeV), so 



Time since T 0 [s] 

Fig. 2.- The first GBM trigger (bn081003.377) 
from SGR J1550 — 5418, on 2008 October 3, at 
09:03:06 UT (244717387 MET). Besides the trig- 
gering event (#2), eight additional, untriggered, 
bursts (#1, #3 - #9) are also visible (marked with 
arrows), including burst #1 observed prior to the 
trigger time (T 0 ~ 0 s), at —19.9 s. 

the data from these detectors were excluded from 
our spectral analysis. 

The search for untriggered events was per- 
formed from 2008 September 22 to October 13 
and from 2009 January 15 to April 22 (2008 Oc- 
tober 06 and 2009 March 12 and 13 were left out 
due to data problems), thus covering part of the 
first gap and the full second gap of bursting ac- 
tivity, visible in Figure |T] For the 93 d, from 2008 
October 14 until 2009 January 14, left out by the 
untriggered burst search, we can only exclude the 
occurrence of additional events by the fact that 
GBM and any other instrument did not trigger 
on bursts from this source. This is corroborated 
by the finding that all burst detected by the un- 
triggered bursts search during the activity periods 
presented here, did trigger GBM or occurred dur- 
ing the ~ 600 s time period where GBM switched 
into trigger mode. 

3. Data analysis 

The Fermi / GBM instrument comprises two dif- 
ferent types of scintillation detectors. Burst loca- 
tions and the low energy part of spectra (8 keV to 
1 MeV) are provided by an array of 12 Thallium- 
activated sodium iodide (Nal) scintillator detec- 
tors (numbered from Nal 0 to Nal 11). The two 
Bismuth Germanate (BGO) detectors are extend- 
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Fig. 3. — Background subtracted light curves of SGR J1550 — 5418 bursts observed during the 2008 October 
(top row) and the 2009 March - April activity periods (bottom row). Top row: the left three panels show 
the triggered burst of Figure 2 (at To = 09:03:06 UT, 244717387 MET) and three untriggered events, namely 
burst #1 at To — 19.9 s and bursts #7 & #8 at To + 117.5 s. The rightmost panel shows the brightest burst 
(#20) observed during the 2008 October period. Bottom row: the left three panels show the brightest bursts 
( #24, #29 and #31) observed during the 2009 March - April period. The rightmost panel shows burst 
#25 with comparable intensity to burst #20 shown in the panel above. The light curves were obtained by 
adding counts of the two detectors (depicted in the panels in hexadecimal notation, nO ... nb), which showed 
the highest peak count rates. 


ing the spectral coverage to ~ 40 MeV (for a de- 
tailed o verview of the instr ument and its capabili- 
ties see lMeegan et al. 12009 ). Here we use only the 
spectral data below 200 keV, since none of the ex- 
amined bursts showed emission at higher energies. 


GBM provides several trigger data types: the 
continuous high spectral resolution data CSPEC, 
with 128 energy channels, logarithmically spaced 
over the energy range of the Nal detectors and 
1.024 s time resolution; the continuous high time 
resolution CTIME data, binned at 64 ms, with 
only 8 channel spectral resolution; and the Time- 
Tagged Event (TTE) data, which we used for the 
analysis of the relatively short SGR bursts. The 
TTE data consist of a time-tagged photon event 
list with a temporal resolution as low as 2 /rs and 
the same spectral resolution as the CPSEC data. 
The TRIGDAT data, the first burst information, 
quickly downlinked after a burst trigger, are com- 


prising information on background rates, the burst 
intensity, hardness ratio, localization, and classi- 
fication, which is needed for the on-ground local- 
ization. 


3.1. Data Selection Criteria 


Fermi is operated in sky-scanning survey mode, 
with the viewing direction rocking to North and 
South by 35° from the zenith on alternate or- 
bits, at a slew rate up to several degrees per 
minute. This operation mode causes a continuous 
change of the angle between the source and the 
detector normal. We have analyzed here bursts 
viewed by detectors with source aspect angles less 
than 40°. This selection is justified by the softer 
SGR spectra and the detector effective area, which 
is decreasing more rapidly with so urce angle for 
softer photons ( Bissaldi et al.l 12009 ). None of the 
selected detectors was subject to blockage from 
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other parts of the Fermi spacecraft. 

Figure [2] shows a 200 s section of the TTE data 
light curve during the first trigger bn081003.377 
in 64 ms bins. As indicated on the figure, we find 
eight untriggered bursts during this period, in ad- 
dition to the one that triggered the instrument at 
~ 0 s. Table [1] lists the start times of all indi- 
vidual bursts related to the trigger time, together 
with the detector numbers and data types used in 
our analysis. In this first trigger, detectors Nal 1 
& 2 had the smallest source aspect angle during 
the ~ 330 s TTE data period. At times starting 
after the TTE data type ends until the end of the 
trigger mode at ~ 600 s, only continuous CSPEC 
& CTIME data are recorded, and detector Nal 5 
also fulfills the < 40° selection criterion. 


Figure [3] exhibits individual bursts from the two 
active periods. The first panel of the top row 
shows trigger bn081003.377, which triggered GBM 
at T 0 = 9:03:06 UTC on 2008 October 3 (Burst # 
2 of Table EJ see also Figure The next two 
panels show untriggered bursts: the first event at 
To ~ —19.9 s, which was too weak to trigger GBM, 
and bursts # 7 & #8, observed at T 0 + 117.5 s. 
The light curve of the brightest event during this 
period, Burst # 20, which triggered GBM one day 
later, is shown in the forth panel. The shape, in- 
tensity and duration of all these events are typical 
for all other bursts observed during the 2008 Oc- 
tober activity period. 


During the 2009 March - April period only 15 
bursts (also listed in Table [Q) were observed, in- 
cluding two very bright bursts with single detector 
peak count rates > 1 x 10 5 cnt/s. At these high 
count rates the performance of GBM is affected by 
de ad time and pulse pil e-up as described in detail 


Meegan et al.l ( 2009h . The light curve of trig- 


ger bn090322.944 (Burst # 24 of Tabled] shown 
in the first, bottom row panel of Figure [3]), satu- 
rated GBM for ~ 100 ms. The flat plateau from 
T 0 + ~ 80 ms to T 0 + ~ 185 ms is caused by the 
clipping of TTE events at the maximum rate of 
the High Speed Science Data Bus (HSSDB). Burst 
# 29 (trigger bn090330.237), shown in the second 
panel, reached a single detector peak count rate of 
about > 3.5 x 10 4 cnt/s, resulting in dead time of 
10%. The third panel shows the second brightest 
burst (Burst # 31 of Tabic [l]) with an observed 
single detector peak count rate of ~ 1 x 10 5 cnt/s 
and a dead time of 50%. The non saturated bursts 


of the 2009 March - April period are on average 
brighter than the bursts observed in 2008 October. 
The right most panel of the bottom row shows 
Burst # 25, which is comparable in brightness to 
the brightest burst observed during 2008 October. 

Table m lists detailed trigger information for 
all events as well as the time periods (Start- & 
Stop-columns), used for our spectral analysis. The 
high temporal resolution of the TTE (2 fj, s) eas- 
ily accommodates the analysis of the bursts. The 
0.064 s continuous CTIME data cannot be used for 
our spectral analysis, due to their coarser spectral 
resolution. CSPEC data were used only for burst 
# 15 (Tabled]), which was located inside the one 
CSPEC 1.024 s integration time with a signal to 
background ratio high enough to allow spectral 
analysis (this burst was excluded from temporal 
analysis). 

3.2. Soft Burst Location Systematics 

We determined for all 21 triggered bursts in Ta- 
ble Ulan approximate on-ground location using the 
TRIGDAT-data, to check the consistency of the 
GBM derived locations with the accurately known 
source position. These locations were computed 
using the Daughter Of Locburst (DOL) location- 
finding code, which is comparing observed rates to 
a table of calculated relative rates in the 12 Nal 
detectors for each of 41168 directions (at 1 degree 
resolution) in spacecraft coordinates by utilizing a 
chi-squared fit. Compared to the on-board flight 
software locations, the DOL is including atmo- 
spheric and spacecraft scattering more accurately, 
using a finer angular grid and is more properly ac- 
counting for differences in burst spectra. In addi- 
tion DOL also corrects for the recording dead time. 
A dedicated table was prepared especially for soft 
events with rates integrated over the 5 — 50 keV 
energy range. 

The right panel of Figured] shows the calculated 
locations and their statistic uncertainties (radius 
of 1 <t containment) for both activity periods. The 
two left panels are showing the location accuracy 
distributions, as absolute distance in degrees from 
the source position (top), and as distance in num- 
ber of la radii (bottom). Roughly 86% of the 
locations are consistent with the source position 
within 3cr error radii. A similar percentage are lo- 
cated < 8° from the actual source position in a 
flat distribution. It should be noted that the three 
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Fig. 4 .— Right panel: On-ground calculated locations and their uncertainties (radius of la containment). 
The locations from the two activity periods are marked with different symbols (2008 October: open triangles, 
2009 March April: open squares). The source position of SGR J1550 — 5418 is shown as a cross. Left panels: 
(top) Location accuracy, displayed as absolute distance in degrees from the source position, and (bottom) 
as distance in number of error radii. 


bursts (#31, #45 & #36) with the largest devi- 
ation of error radii (> 3), are the ones with the 
highest 16 ms peak fluxes, listed in Table [2j with 
the exception of trigger bn090322.944, the satu- 
rated burst #24 (see Figure [3] bottom row, left- 
most panel). In this case the location was derived 
for one selected ~ 50 ms bin in the rising part 
of the burst lightcurve, from -0.048 s to 0.016 s, 
thus avoiding the saturated part. From these de- 
pendencies we conclude that the ’soft’ location ac- 
curacy is affected by high event rates, probably 
caused by hidden systematic errors, e.g. the stan- 
dard dead-time correction may not be valid for 
soft & bright events. 

The accuracy of the GBM localizations for (the 
hard) Gamma-Ray Bursts (GRBs) is reported by 
Connaughton et al. (2012, in preparation). They 
find that the systematic location errors for GRBs 
are best described by two contributions, one with 
2.8° error with 70% weight and one with 8.4° er- 
ror with 30% weight. 


3.3. Temporal Analysis 

3.3.1. Tgo and T 50 durations 


The SGR J1550 — 5418 burst temporal analy- 
sis was performed in a simil ar m anner as the 
one described by Lin et ah (|201lh. The dura- 

13 . 


tions, expressed as Tgo and T 50 LU, were deter- 
mined both in photon and in count space. The 
durations in count space were calculated by ap- 
plying an algorithm adapted for the analysis of 
GB M TTE data, which was originally developed 


by iKouveliotou et, al' ( 19931) and later modifie d 


bv iGoeiis et al. ( 200lh and Gavriil et al. ( 2004 1. 
Thanks to a new on-ground build data type of 
the GBM data, the so-called CTTE data type, it 
was possible to determine the Tgo, T 5 o-durations 
in photon space using the GBM RMFIT (4-OrcOl ) 
software!! similar to_what_ was don e in the case 
of GBM GRBs (jPaciesas et al.ll2012h . The CTTE 


1 Tqo (T 50 ) is the duration during which the background- 
subtracted cumulative counts i ncrease from 5% (25%) to 
95% (75%) of the total counts (jKouveliotou et al.ll 1993) . 

2 R.S. Mallozzi, R.D. Preece, & M.S. Briggs, ’’RM- 
FIT, A Lightcurve and Spectral Analysis Tool,” ©2008 
Robert D. Preece, University of Alabama in Huntsville, 
2008 
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Fig. 5.— Distribution of the T90 (left panel) and T50 (right panel) CTTE durations, fit with log-normal 
functions. The means / standard deviations of the T90 and T50 distributions are 2.22 ±0.02 ( = 165 ±8 ms) 
/ 0.28 ± 0.02 and 1.72 ± 0.04 (= 52 ± 5 ms) / 0.24 ± 0.03 , respectively. The normal mean values of both 
distributions are 278 ms and 138 ms, respectively. 


data type is derived from TTE data by rebinning 
the 128 TTE energy bins into 8 energy bins, with 
the same boundaries as the CTIME data. The 
CTTE data type allows to generate finer time bins, 
compared to 64 ms bin width of the CTIME data 
during burst mode, which are necessary especially 
for temporal analysis of short bursts from SGRs. 
In our case the individual burst data were rebinned 
to 4 ms, 8 ms or 16 ms bins depending on the in- 
tensity of the burst. The burst durations T 90 (I50) 
were computed in the 8 — 200 keV energy range. 

Since the bursts presented here are relatively 
weak, we applied the count rate algorithm twice to 
each burst in order to account for systematics. In 
some cases the deviations were large, most prob- 
ably depending on small differences in the back- 
ground selection. Durations calculated in photon 
space have smaller systematic uncertainties. Due 
to this fact, only the results obtained in photon 
space are presented here. 

Figure O shows the distribution of T90 and T50 
durations for 30 bursts, out of the 37 bursts listed 
in TableQ] The mean value of ~ 170 ms of the log- 
normal fit to the T90 distribution is comparable to 
the bulk of magnetar bursts and entirely consistent 
with the average duration of 174 ± 10 ms of the 


bursts during the most active episode from the 
source (2009 January) reported by van der Horst 
et al. (2012). No general trends or differences in 
the burst durations of the two active periods was 
observed. 


3.3.2. Timing Analysis 


In 2008 October SCR J1550 - 5418 emitted 19 
bursts in the course of ~ 10 hours. Out of 
these bursts, 15 events were emitted within only 
~ 10 min. Similarly to Kaneko et al. ( 2010 ). we 
looked for periodic modulations in the source per- 
sistent emission using the TTE data stream of 
Nal 1, which was the detector with the smallest 
source angle towards SCR J1550 — 5418. For the 
analysis we corrected the TTE data to the solar 
system barycenter, binned the data with a time 
resolution of 16 ms (8 — 100 keV), and selected the 
time interval [To — 25; To ± 160] s, which roughly 
corresponds to the interval from burst #1 to #9 
(see Table [l]) . We performed all timing analyses 
twice, with the SGR bursts and without them (we 
carefully removed the burst intervals from the light 
curve). 

We used several different timing techni ques, 
including a Lomb-Scargle periodogram ( Scarglel 


1982 

; Horne & Baliunas 1986: Press & Rvbciki 

1989 

), Period()A 3 \ (Lenz & Breeei 

200d), a code 


specifically designed to extract multiple periodic 
signals in astronomical time series through simul- 
taneous least squares fitting. We also used a multi- 
harmonic “anal ysis o f variance” periodogram 


ImhAoV) of Schwarzenbersr-Czernv 

(199®, and 

the method introduced bv Vaughan 

(2005). After 


correcting for the number of trials, no significant 
frequency was found in either of the data sets. 


An intriguing finding was in the burst arrival 
times, namely the time separation between bursts. 
Starting from the first event, 8 out of 16 bursts oc- 
cur with a time separation in multiples of 10±0.5 s. 
It is established observationally that SGR bursts 
occur randomly distributed in rotational phase 
(Mereghetti 2008). We performed a simple Monte 
Carlo simulation to test the significance of this re- 
sult. Our simulations showed that the observed 
burst interval corresponds to a single-trial prob- 
ability of P = 6.1 x 10 — 5 , i.e., a significance of 
~ 4cr. It is hard to accurately quantify a number 
of trials a posteriori. Considering the fact that 
there are various SGR/AXP sources, with several 
multiple prolific bursting episodes, the probabil- 
ity will be in general smaller. Since the January 
emission was heavily concentrated in a 24 hour pe- 
riod with a very large amount of bursts, we have 
not performed a detailed search for the 10 s pe- 
riod during this epoch. Only future observations 
will reveal whether this periodicity is indeed real 
and related specifically to SGR J1550 — 5418, or 
simply an observational artifact. 

3.4. Spectral Analysis 

We fit all bursts in Table [T| with the follow- 
ing models, which are known to best approximate 
SGR spectra: a simple power law function (PL), 
a power law function with an exponential high- 
energy cutoff (Compt), a blackbody (BB) and an 
optically thin thermal bremsstrahlung (OTTB) 
spectrum and a combined BB+BB model. We 
used the RMFIT (f.OrcOl) spectral analysis soft- 
ware developed for the GBM data analysis. Ta- 
ble [2] lists the parameters of all single models (with 
the exception of the PL model) for both activity 
periods. 

Combining all our fit results we find that the 


3 http: / /www.univie.ac.at/tops/Period04/ 


2008 October burst spectra are best fit with a sin- 
gle BB model. This is corroborated by the fact, 
that the brightest burst observed during that pe- 
riod (burst # 20 of Table [T]) as well as a stacked 
spectrum derived from all bursts observed during 
the TTE data period of the bn081003.377 trigger 
(Burst #1 to #10 of Table [lj) are best fit by the 
BB model as compared to fits with the OTTB and 
PL models. The BB and OTTB fits to the stacked 
spectrum are shown in Figure [6] We note that the 
residuals of the OTTB-fit show a systematic wig- 
gle, causing a AC-stat between the two models 
of ~ 165. The same deviations were observed for 
burst #20, this time with a AC-stat of ~ 40. A 
fit with the Compt-model yields in both cases a 
C-stat comparable to the value obtained for the 
BB fit, but the Compt model has one degree-of- 
freedom (DOF) less. For most of the bursts during 
the 2008 October period the AC-stat for the BB 
model was > 6 with the exception of some weak 
bursts, which were also well fit by an OTTB or PL 
model. A fit with a normal function to the distri- 
bution of single BB temperature kT yields a mean 
value of 12.4 ±0.2 keV (width, 0.9 ±0.1 keV). The 
preference for a singl e BB model as bes t fit model 
was also reported bv llsrael et al. ( 2010h for bursts 
observed during 2008 October with Swift - BAT in 
the 15 — 100 keV energy range. These bursts are 
all well described by a single BB function with 
temperatures ~ 10 keV. 

We also tried to fit the 2008 October bursts, 
even though they a re faint , with the combined two 
BB functions, since iLin et al.l (2012; reported that 
broadband (0.5 - 200 keV)5'wi/if-XRT/GBM spec- 
tral fits are showing, on average, that the burst 
spectra are better described with the two BB func- 
tions than with the Comptonized model. As was 
expected, these fits were not able to constrain si- 
multaneously the parameters of both BB compo- 
nents, even when fixing the ratio of the fluence 
in the two BB components, so that the hot com- 
ponent has twice the flux of the cold component, 
which is the mean ratio with re lative ly modest 
scatter that is found in lLin et al. (2012:). 

In contrast, the bursts from the 2009 March 
April period are best fit in almost all cases by 
an OTTB-model. In order to investigate whether 
this difference is connected with the burst bright- 
ness difference between the two periods, we se- 
lected a burst with comparable brightness from 
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Fig. 6. — Stacked spectra of bn0810030.377 Left: BB Fit, Right: OTTB Fit 


each period, as shown in the rightmost panels of 
Figure El the brightest of the 2008 October activ- 
ity period, already presented above (burst # 20 
of Table |TJ) , as well as a burst among the fainter 
ones of the 2009 period (burst # 25 of Table [TJ . 
The results of the BB, OTTB and Comp model 
fits for burst # 25 are listed in Table [2] , show- 
ing indeed that the OTTB is the preferred model, 
with an improvement in C-stat of > 30. The BB 
and OTTB spectral fits are shown in Figure 0 
Finally, the spectral analysis of the bursts with 
comparable flux values (~ 50 ph/cm 2 /s) and Ali- 
enees (~ 13 x 10 -8 erg/cm 2 ), yielded significant 
differences of AC-stat > 30 for the best-fit models, 
leading us to the conclusion that this difference in 
spectral shape is intrinsic, and probably caused by 
a change in the burst emission process during the 
two periods. 

We would like to point out that the Compt and 
BB+BB models fit the burst spectra of this ac- 
tivity period equally well, with the exception of 
some events where fit parameters remained uncon- 
strained. Using the successful BB+BB fit results 
we obtain a mean value for the cool BB temper- 
atures of 5.1 ± 0.1 keV (width, 0.6 ± 0.1 keV), 
and for the hot BB temperatures of 14.7 + 0.2 keV 
(width 0.9 ±0.1 keV). Only in the case of the sec- 
ond brightest burst #31, the best fit model was the 
Compt-model, with a AC-stat of ~ 40, compared 
to an OTTB fit, the BB+BB model in this case did 


fit equally well. This result is not conclusive, since 
the spectral slope of bright bursts could be affected 
by pulse pile-up effects as already pointed out in 
van der Horst et all ( 2012h . The spectral analy- 


sis of the brightest burst #24 was performed by 
excluding the saturated parts; nevertheless, none 
of the models, including the combined ones, pro- 
vided a reasonable fit. Most probably the whole 
emission period was affected by pulse pile-up and 
saturation effects. 

To identify the model that best describes the 
SGR J1550 — 5418 bu rst data, we perform e d sim- 
ulations similar to Ivan der Horst et al.l (2012) 
with RMFIT (4-OrcOl). We selected the two 
bursts with similar brightness from the October 
and March April periods, burst #20 and #25, 
respectively. For each detector and each event a 
set of 10000 synthetic spectra were created. The 
background counts of these spectra are estimated 
from the real data, whereas the source counts are 
computed from the function which was used to fit 
the real data, folded with the detector response 
matrix (DRM). Poissonian noise was added to the 
sum of the source and background counts. During 
the fit process a synthetic background spectrum, 
with added Poisson fluctuations to each energy 
channel, was subtracted from the synthetic burst 
spectrum. 

For burst #20 a set of 10000 synthetic spec- 
tra were created with the OTTB function and its 
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Fig. 7. — Spectra of bn090326.625. Left: BB Fit, Right: OTTB Fit 


best parameters from the fit to the real data were 
used as null hypothesis. The 10000 spectra were 
then fit with both the OTTB and a single BB 
function. The distribution of the difference in C- 
stat (AC-stat) was then compared to the AC-stat 
obtained from the real burst data, which is AC- 
stat ottb-bb = 42. There is not a single syn- 
thetic burst which exceeds this difference. In fact, 
the highest AC-stat max = 6.3. Subsequently, we 
conclude that statistical fluctuations cannot ac- 
count for the difference in the statistic between 
OTTB and BB. Therefore, the null hypothesis is 
rejected (P < 10 -4 ) and we conclude that the BB 
function is the preferred model for this emission 
epoch. 

The same line of reasoning was applied to the 
2009 March event. However, contrary to the burst 
above, this time the BB was taken as the null 
hypothesis, i.e., 10000 synthetic spectra were cre- 
ated using the BB model and its best fit parame- 
ters from the real data as input model. For burst 
#25 we observe AC-stat bb-ottb = 36 in the 
real data. However, the maximum value of the 
simulated C-stat distribution is 10. Similarly to 
what is observed above, we conclude that statisti- 
cal fluctuations cannot account for the difference 
in C-stat and therefore we find the OTTB function 
to be the preferred model for this event. 


4. Discussion 


Our main new finding in this work is that the 
observed GBM spectrum of the bursts in the en- 
ergy range 8—200 keV has changed from being BB- 
like in the 2008 October active period to a broader, 
steeper OTTB-like form with less curvature dur- 
ing the 2009 March activity episode (see Table [2]) . 
In particular, the photon index below the peak, A 
that is defined through dN/dE oc E x has changed 
from A ~ 1 during 2008 October to A ~ —1 dur- 
ing 2009 March . In this context, it is interesting 
to note that during the most active bursting pe- 
riod of SGR J1550 — 5418, in 2009 January , the 
GBM burst spectra were typically not well fit by 
a single BB spectrum, but were instead equally 
well fit by an OTTB, Co mpton ized or BB+BB 


spectrum (van der Horst et al. 20121 ). When in- 


cluding also Swift/XRT data in the spectral fit of 
those 2009 January bursts for which these were 
available, howe ver, a BB+BB spectrum is usually 
preferred (Lin et al. 1201 21 in which the cool BB 
component has a factor of ~ 2 or so smaller flu- 
ence than the hot BB component (interestingly 
enough, when fit to a Comptonized spectrum, the 
implied values of A typically ranged between ~ — 1 
and ~ 0). The 2008 October are bursts best fit by 
a BB component of temperature ~ 11 — 14 keV 
and effective area ~ 0.2 — 2 km 2 , which are sim- 
ilar to the hot BB component found for the 2009 
January bursts. It is possible that a cool BB com- 


il 


ponent could potentially still be present in the 

2008 October bursts. If we assume a cool BB 
to hot BB flux ratio similar to that of the 2009 
January bursts, then in order to avoid clear detec- 
tion in the GBM spectra presented here the cool 
BB temperature typically needs to be below a few 
keV, which would correspond to an effective area 
of > 10 3 km 2 . In this scenario both the hot and 
cold BB components in the 2008 October bursts 
would be near the cool end of the corresponding 
components from the BB+BB spectral fits for the 

2009 January bursts. 


The differences between the spectroscopy of the 
bursts studied here and for the bursts in 2009 Jan- 
uary clearly indicates evolutionary patterns on the 
timescale of a few months or so. This behaviour 
might arise, for example, from a change in the de- 
tails of the energy release or containment between 
different episodes. The rather small effective areas 
we obtain for the BB spectrum (~ 0.2 — 2 km 2 ) 
imply a small emission region, which is therefore 
probably close to the NS surface. Such a prox- 
imity to the surface would therefore tend to re- 
sult in a relatively high effective opacity, due to 
large plasma densities. The opacity is mainly con- 
trolled by the scattering cross section of the ordi- 
nary or O-mode photons being near the Thomson 
value. O-mode photons are those where the pho- 
ton electric field vector lies in the plane defined 
by their momenta k and the local magnetic field. 
Photons in the extra-ordinary polarization mode 
(or E-mode, where the photon electric field vector 
is normal to the local k B plane), experience a 
dramatically reduced scattering cross section that 
is suppressed because the photon energy is typi- 


cally far below the cyclotron energy (e.g., Herold 


1979l l. These E-mode photons contribute little to 


the overall opacity, which being high, results in a 
local quasi-thermodynamic equilibrium (i.e., LTE) 
that should drive the spectrum towards a BB or 
BB+BB form. 


Radiative transfer effects in a strong mag- 
netic field ( B .Bqed) can cause a dev iation 
from a pure BB spectr um (e.g., see Ulmer 1994 
Lvubarskv et al.1 l2Q02h due to the increase in 
E-mode opacity with photon energy, that 


en- 


ables lower energy (E-mode) photons to escape 
from a larger depth within the emission region, 
where the temperature (that is established by 
the O-mode photons) is higher, thus resulting in 


a softer than thermal spectral slope below the 
peak, where dN/dE oc E x with A ~ 0. Some- 
what harder low-energy spectral slopes might 
still be possible, e.g., due to resonant ion cy- 
clotron absorption, which should be sensitive to 
the local value of the magnetic field. In or- 
der for such an absorption to reach sufficiently 
high photon energies, a rather high local value 
of the magnetic field is required in the emission 
region (> 10 15 G), which for SGR J1550 — 5418 is 
in excess of the surface dipole magnetic field 
strength (of ~ 2.2 x 10 14 G) inferred from its PP. 
Thu s, t his naturally su ggests higher multipoles 
(e.g jThoinpson. Lvutikov. fc Kulkarnil 2002). A 


strong local magnetic field from quadrupole and 
higher multipole configurations could effectively 
confine the hot emitting plasma to relatively small 
closed magnetic flux tubes near the stellar surface. 
This is consistent with the small effective areas in- 
ferred from our spectroscopic analysis. 0 Thus, 
the spectral slope below the peak energy might 
be related to the local field strength and topology 
near the magnetic dissipation region that gives 
rise to the bursting episode. This might poten- 
tially be the factor that is common to different 
bursts within the same active period, but varies 
between different activity episodes, i.e. field topol- 
ogy evolves significantly on timescales of a month 
or so. It is also possible that the trigger from the 
crustal regions may relocate to different colati- 
tudes during this evolution, thereby precipitating 
a sampling of disparate field topologies within the 
magnetospheric dissipation zones involved. 

The broader OTTB-like spectra of the 2009 
March bursts might reflect a Comptonized spec- 
trum from an emitting region with a modest 
optical depth. A s discussed, e.g, in ILin et al 


(2011, 2012) ( Rvbicki fc Lightmanlll979T) . the sim- 
plest form of such a model yields A = 1/2 — 
a/9/4 + 4/ y B where y B = 4 kT e / ( m e c 2 ) max[r s , r|] 
is the magnetic Compton y-parameter, max [ 773 , t b ] 
is the mean number of scatterings per photon by 
the hot electrons, and tb is the effective opti- 
cal depth for scattering that in our case is sig- 
nificantly modified by the strong magnetic field 


4 Some hint for the presence of higher multipoles might 
be found in the irregular shape of the pulse profiles of 
SGR J1550 — 54 18, which change a s a function of e nergy 
and time (e.g., iKaneko et al.l [20 id : ILin et ah 1 12012U . but 
this is by no means conclusive. 
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(and is thus dubbed the magnetic optical depth). 
For SGR J1550 — 5418, the inferred peak ener- 
gies for the 2009 March bursts, typically E pea k ~ 
30 — 45 keV, suggest 4 kT e /(m e c 2 ) ~ 0.23 — 0.35, 
which would imply A ~ —0.8 and ~ —0.95 for 
tb ~ 5 and ~ 10, respectively!! Thus such mod- 
est values of tb would result in yg 1 so that 
A approaches the value of —1, approximately co- 
inciding with the lower energies of the inferred 
OTTB-like spectrum of the 2009 March bursts. 
Much larger optical depths would result in satu- 
rated Comptonization or true thermalization, and 
a spectrum closer to a BB, though still generally 
different from a BB as mentioned above. More- 
over, the 2009 March bursts are equally well fit by 
a BB+BB spectrum, so that in principal it is pos- 
sible that the underlying spectrum during all the 
three bursting periods discussed above (2008 Oc- 
tober , 2009 January and 2009 March ) are in fact 
BB+BB or multi - blackbody, w hich was discussed 
in detail in van der Horst et ajJ (2012). 

Different bursts within the same activity period 
may exhibit a relationship between the spectrum 
and the timing of the bursts. A given active period 
might be triggered by the yielding of the crust to 
magnetic stresses at a particular location on the 
NS. The magnetic field structure in that region 
could affect the details of the energy release and 
confinement of the hot plasma that is produced, 
and thereby influence the resulting spectrum of 
the bursts. If the emitting region is small and near 
the surface then it might be obscured during cer- 
tain rotational phases (since the burst duration is 
smaller than the rotational period), hence result- 
ing in a non-uniform distribution of b ursts with 
the r otational phase, as was found by iLin et a~L 
( 2012 b If the bursts indeed span a reasonable 
range of rotational phases, then it is likely that 
they sample substantially different viewing angles 
with respect to the well-localized emission region. 
This would then suggest that the viewing angle is 
not the dominant factor in determining the overall 
spectral shape. 


This publication is part of the GBM/Magnetar 
Key Project (NASA grant NNH07ZDA001 - 


*Note that relativistic corrections for such large temper- 
atures, such as Klein-Nishina reductions, only influ ence 
these inferred indices to a modest extent; see ILin et ahl 
fcOllfl and references therein. 
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Table 1 

SGR J1550 - 5418 trigger times & durations 


Burst 

# 

Trigger 21 

# 

Trigger time 
UTC 

Start b 

(s) 

Stop b 

(s) 

Duration 

T90 T50 

(ms) ( ms ) 

Detectors 

# 

Data 

Type 

1 

bn081003377U 

9:03:06 

-19.888 

-19.840 

160 ± 29 

72 ± 11 

1, 2 

TTE/CTTE 

2 

bn081003377 

9:03:06 

-0.048 

0.128 

276 ± 53 

120 ± 25 

1, 2 

TTE/CTTE 

3 

bn081003377U 

9:03:06 

10.112 

10.496 

672 ± 72 

320 ± 72 

1, 2 

TTE/CTTE 

4 

bn081003377U 

9:03:06 

27.168 

27.264 

68 ± 25 

28 ± 11 

1, 2 

TTE/CTTE 

5 

bn081003377U 

9:03:06 

89.568 

89.664 

128 ± 23 

56 ± 23 

1, 2 

TTE/CTTE 

6 

bn081003377U 

9:03:06 

109.504 

109.728 

424 ± 72 

120 ± 18 

1, 2 

TTE/CTTE 

7 

bn081003377U 

9:03:06 

117.488 

117.568 

64 ± 23 

24 ± 18 

1, 2 

TTE/CTTE 

8 

bn081003377U 

9:03:06 

117.904 

118.048 

104 ± 34 

56 ± 11 

1, 2 

TTE/CTTE 

9 

bn081003377U 

9:03:06 

149.824 

149.952 

136 ± 18 

64 ± 11 

1, 2 

TTE/CTTE 

10 

bn081003377U 

9:03:06 

240.736 

240.768 

...* 

...* 

1, 2 

TTE/CTTE 

11 

bn081003377U 

9:03:06 

306.760 




1, 2, 5 

CTIME 

12 

bn081003377U 

9:03:06 

321.090 




1, 2, 5 

CTIME 

13 

bn081003377U 

9:03:06 

411.780 




1, 2, 5 

CTIME 

14 

bn081003377U 

9:03:06 

468.440 




1, 2, 5 

CTIME 

15 

bn081003377U 

9:03:06 

584.137 

585.161 



1, 2, 5 

CSPEC 

16 

bn081003385 

9:14:00 

-0.168 

0.008 

108 ± 18 

56 ± 34 

1, 2, 5 

TTE/CTTE 

17 

bn081003385U 

9:14:00 

103.432 

103.544 

...* 

...* 

2, 5 

TTE/CTTE 

18 

bn081003446 

10:42:53 

-0.038 

0.090 

120 ± 14 

60 ± 11 

1, 2, 5 

TTE/CTTE 

19 

bn081003779 

18:41:39 

-0.023 

0.105 

104 ± 9 

60 ± 11 

1, 2, 5 

TTE/CTTE 

20 

bn081004050 

1:11:32 

-0.023 

0.105 

132 ± 28 

56 ± 11 

1, 2, 5 

TTE/CTTE 

21 

bn081005020 

0:29:09 

-0.023 

-0.007 

24 ± 16 

12 ± 6 

6, 7 

TTE/CTTE 

22 

bn081010537 

12:53:38 

-0.039 

0.009 

60 ± 18 

24 ± 9 

1, 2, 5 

TTE/CTTE 

23 

bn090322789 

18:56:23.75 

-0.087 

0.489 

592 ± 40 

360 ± 29 

0, 1, 3 

TTE/CTTE 

24 

bn090322944 

22:39:15.75 

-0.023 

0.489 

288 ± 6 

88 ± 6 

7, 8 

TTE/CTTE 

25 

bn090326625 

15:00:36.01 

-0.023 

0.089 

244 ± 30 

80 ± 6 

9, 10 

TTE/CTTE 

26 

bn090326625U 

15:00:36.01 

2.176 

2.496 

192 ± 45 

96 ± 36 

9, 10 

TTE/CTTE 

27 

bn090328545 

13:05:12.04 

-0.023 

0.057 

136 ± 37 

48 ± 9 

9, 10 

TTE/CTTE 

28 

bn090329754 

18:05:15.76 

-0.023 

0.025 

140 ± 54 

28 ± 11 

10, 11 

TTE/CTTE 

29 

bn090330237 

05:41:09.99 

-0.023 

0.057 

124 ± 24 

32 ± 9 

6, 7 

TTE/CTTE 

30 

bn090401093 

02:14:28.53 

-0.375 

-0.327 

2656 ± 172 

1632 ± 172 

3, 6, 7 

TTE/CTTE 

31 

bn090401666 

15:59:36.83 

-0.023 

0.89 

88 ± 6 

32 ± 6 

10 

TTE/CTTE 

32 

bn090403592 

14:13:04.46 

-0.023 

0.121 

320 ± 23 

80 ± 36 

9, 10 

TTE/CTTE 

33 

bn090403761 

18:15:36.30 

-0.039 

0.041 

136 ± 18 

48 ± 23 

6, 7 

TTE/CTTE 

34 

bn090409351 

08:25:24.01 

-0.023 

0.073 

112 ± 18 

72 ± 18 

9, 10 

TTE/CTTE 

35 

bn090411917 

22:01:05.27 

-0.039 

0.137 

180 ± 20 

64 ± 9 

7, 8 

TTE/CTTE 

36 

bn090413987 

23:41:48.86 

-0.007 

0.057 

72 ± 6 

28 ± 6 

6, 7 

TTE/CTTE 

37 

bn090417946 

22:42:11.37 

-0.023 

0.409 

480 ± 69 

336 ± 23 

9, 10 

TTE/CTTE 


Note. — T able 
*rmfit crashed 
a yymmdd. thousandth of day 
b related to Tq = Trigger time 
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Table 2 

Spectral analysis results 


Burst 


BB 



OTTB 



Comp 


AC-stat 

Fluence 

16 ms Peak Flux 

# 

A 

kT 

C-stat 

A 

kT 

C-stat 

A 

^Peak 

a 

C-stat 

(BB 

(8-200 keV) 

(8-200 keV) 


XlO -3 


/DOF 

XlO -3 


/DOF 


(keV) 


/DOF 

- OTTB) 

(10 — 8 erg/cm 2 ) 

(ph/cm 2 /s) 

1 

4 7 +l-8 
41 —1.3 

11 5 + 1 - 0 
11,6 -1.0 

165.3/237 

1 6 S + 4-9 
16- 8 — 4 o 

44 ' 7 ±Ii 

169.5/237 





-4.2 

4.1 ± 0.5 

14.6 ± 3.0 

2 

3 1+ 0 - 5 

*-0.5 

12 5 + 0 - 6 
12 - 5 -0.5 

215.3/237 

17 1 + 2 ' 8 
± ‘ " L — 1 .9 

52.51/1 

275.5/237 





-60.2 

13.4+ 0.9 

23.0 ± 3.4 

3 

1 2 + 0 - 5 
1 -0.3 

11 4+ 1 -0 
1 A ' 4 — 1.0 

264.2/237 

4 8+ 1 ’ 4 
4.»_i 2 

4*.5l- 4 2 

270.8/237 





-6.6 

8.1+ 0.9 

9.9 ± 2.6 

4 

2 5 + 0 ' 8 
25 -0.6 

1 9 a+ 1 • 0 

12 *-0.9 

194.1/237 

17 6+ 31 
1 ' — 3. 1 

5*.5ll*8 4 

210.6/237 





-16.6 

6.5+ 0.6 

23.1 ± 3.3 

5 

2 6+°- 7 
2 -0.5 

13 i+°- 8 
A3i -0.8 

193.7/237 

18 4+ 31 
AO -2.9 

56.0l« 6 + 7 

226.1/237 





-32.4 

7.6+ 0.7 

26.3 ± 3.5 

6 

2 3+ 0 - 5 
^'*-0.4 

12 3+ 0 - 7 
— 0.6 

221.2/237 

12 2 + 21 
A ^'^ — 1.7 

* 2 '*±!.! 

256.1/237 





-35.0 

13.1+ 1.0 

21.7 ± 3.4 

7 

4 0+ 1 ' 6 
4U -1.1 

lo.slj;* 

218.4/237 

14 8+ 3 - 9 
14 -3.6 

54 5+ 13 ' 4 
54 -10.0 

226.7/237 





-8.3 

4. 5+0. 5 

18.6 ± 3.2 

8 

0 7 +0 - 5 
u -0.3 

13-6 ±f\ 

230.7/237 

*'0 — 2.4 

70.3l3 0 0 0 * 

228.4/237 





+2.3 

3.6+ 0.6 

8.3 ± 2.4 

9 

o rj+0.6 

* -0.5 

1 o o+0.6 
A3 ' 2 — 0.6 

211.2/237 

25.2 + * + 

5*o!!;S 

237.3/237 





-26.1 

1.3+ 0.1 

26.5 ± 3.6 

10 

4 7+ 2 ' 1 
-1.5 

11 1+ 1 ' 2 
— 1.0 

159.1/237 

13 2^” 7 ' 2 
— 3.9 

42 -®lS 7 6 1 

172.3/237 





-13.2 

2.3+ 0.4 

22.6 ± 3.5 

1-10 

2 3+ 0 - 2 
^ -0.2 

12 3+ 03 
± ^' -0.3 

237.5/237 

19 S + 0- 8 
12 ' 8 — 0.8 

54.211;* 

402.7/237 

i°.9i*;0 

47 - 7 ±i:l 

1 51+ 027 
±-t>1 — 0.26 

238.3/236 

-165.2 



15 

5 l+°- 2 
51 -0.2 

12.0+J' 2 

356.7/359 

3 q+ 0.6 

* -o.e 

56.2l- 3 3 

354.5/359 

oi *±o.!? 

49 9 + 12 - 6 
4yy -5.7 

0.25+ 9 - 47 

352.7/358 

+ 2.2 

11.2+ 0.9 


16 

1 2 + 0 - 4 
1 -0.3 

12 5+ 1-0 
12 - 5 -0.9 

338.6/340 

«-3±i:l 

50.51-/ 

359.9/340 

g6 5 + 2160 
8b5 -53.0 

47 +— 1.2 

2 91+ 1-84 
zyi — 0.96 

336.9/339 

-21.3 

5.4+ 0.6 

18.0 ± 2.9 

17 

4 4+0-8 
4 ' 4 — 0.7 

12 6+ 0 - 6 
± ^°- 0.6 

187.6/228 

26.2 + 1! 


218.2/228 

6 3 + 32 - 8 
-3.3 

4 *'*i!'.4 

0 84+ 0 - 97 
US4 _ 0.35 

187.5/227 

-30.6 

12.7+ 0.6 

28.6 ± 2.8 

18 

5 4+ 0 - 9 
° -0.7 

12-®1S1 

329.4/347 


51 °11:S 

348.5/347 

4 1 + 4 - 8 
-2.1 

4 »- 4 ±3:S 

053 -0.36 

324.8/346 

-19.1 

17.3+ 0.7 

39.1 ± 3.0 

19 

o O + 0.1 
8 ' 8 — 0. 1 

io - 7 ±S:l 

383.7/358 

22.811/ 

42 9+3-3 
4 Z -3.1 

392.8/358 

0 1 9 +3.03 
-1.45 

42 4+ 2 '* 
42 ‘ 4 — 1.8 

0 26+ 0 - 33 
u '^-0.31 

371.5/357 

-9.1 

15.0+ 0.5 

44.8 ± 2.7 

20 

4 0+ 0 - 6 
4 -0.5 

12 -0.5 

327.1/360 

24 9+ 2 ' 7 
Z4 -2.6 

55.71*3 

369.3/360 

9.6l!* 2 3 

49 2”*” 2 ' 3 
4yz -2.1 

1 14+ 044 
±4 — 0.40 

326.5/359 

-42.2 

13.0+ 0.5 

51.7 ± 4.0 

21 

1 1+ 0 - 4 
A ‘ A — 0.3 

11 9+ 10 
11 -1.0 

143.1/241 

52 1+ 11 - 8 
521 -11.2 

49.31*'* 

154.6/241 

4 -»±a 4 

47 '*^44 

0 3+°- 7 
U - -0.6 

140.4/240 

-11.5 

3.8+ 0.3 

43.05 ± 3.1 

22 

2 6 +0 - 7 
zo -0.6 

14 0 +1 -° 
i4U — 0.9 

305.3/358 

26.4+J-? 

61*11°/ 

328.5/358 

20 4+105.0 
^ u ' 4 -14.5 

*3.9+!;! 

1 7+ 10 
A - -0.7 

305.4/357 

-23.2 

5.0+ 0.3 

20.35 ± 1.9 

23 

o c +0 . 9 
3 ’ 5 — 0.6 

10 i+°- 5 
1U ' x — 0.6 

562.8/351 


47 '*ll:i 

442.7/351 

oo 2 iS:^ 

43 3+ 8,7 
4cJ ' 8 — 8. 1 

— 1 63 - * -0 ' 18 
1 ' t> ' 3 — 0. 16 

431.31/350 

+ 120.1 

30.9 ± 1.6 

34.3.0 ± 2.7 

25 

12 3+ 32 
12 -2.5 

* + — 0.6 

268.8/231 

«*-r±I:S 

4 *oll:l 

232.7/231 

**3 — 83 ? 

39 7+ 5 ’ 1 
csy - -4.9 

-1 1+ 11 
AA — 0.8 

232.6/230 

+36.1 

13.2+ 0.9 

55.0 ± 5.9 

26 

0 c+0.3 
U.5-0 2 

13.81?;* 

299.2/254 


io *.oitS'.o 

298.2/254 

0.10 ± 0.14 

69.7 ± 15.8 

-0.18 ± 0.78 

297.11/253 

+ 1.0 

9.5 ± 3.3 

7.7 ± 1.1 

27 

16.7+1* 

9 4+0-5 
y -0.5 

202.9/235 

23*11:3 

39.0I!;! 

177.6/235 

0 64 - * -0 ’ 73 
U D -0.32 

3*' 2 i!:! 

— 0 66”*” 9 ' 33 
u ' OD — 0.32 

176.4/234 

+25.3 

12.6+ 0.6 

53.3 ± 4.2 

28 

2®'* — 5.2 

9 4+ 0 -5 
y ' 4 — 0.5 

191.9/238 


3*0l 3 3. 8 4 

173.1/238 

1 47+ 2 - 0 
1,4 -0.8 

36+!/ 

-o*6i°o: 4 3°6 

171.6/237 

+ 18.8 

12.7+ 0.6 

97.7 ± 6.3 

29 

97 4+ 8 ' 3 
y ‘ ' 4 — 7.2 

8 9+ 02 
oy — 0.2 

417.9/239 

79.7+*'* 
— 6.5 

32.6/1'* 

226.2/239 

9 oq+0-77 
2,2 -0.56 

33.3±\l 

-»-» 7 ±11 

225.3/238 

+ 191.7 

55.7+ 1.0 

518 ± 12 

30 

3-0±M 

10 7+^‘ 7 
— 1.6 

278.0/360 

10 3"*" 4 ' 4 
U -4.0 

4 ®-‘lil:I 

271.2/362 

0.01 ± 0.05 

76.7 ± 114.0 

-1.84 ± 0.43 

270.0/359 

+6.8 

2. 5+0. 3 

14.1 ± 1.7 

31 

™±li 

8 8+ 0 - 1 
88 -0.1 

361.3/118 

-61U 

*0-918:1 

158.8/118 

47 '9i 4 3' 7 7 

33 2 - * -0 ’ 7 

-0 36+ 0 11 
u.do_o 10 

117.0/117 

+202.5 

186.7+ 2.4 

1122 ± 26 

32 

24 3^” 4 ' 3 
24 -3.4 

8 5 + °- 4 
8 - 5 -0.4 

309.3/237 

18+H'O 

34 1+ 27 
cJ4± -2.4 

247.5/237 

0.3+0'/! 

* 4 ' 2 — 2.7 

— 0 96”*” 9 ' 24 
uyo — 0.23 

247.5/236 

+61.8 

21.4 +/ 0.7 

92.6 ± 5.1 

33 

9 - 8 ±2.4 

9 5 + °- 8 
9 ' 5 — 0.8 

246.9/241 


44 - 7 l!:! 

218.1/241 

n n «+ 0 - 09 
°- 08 -0.04 

4 *'0t!° 6 8 

1 OO+0.35 

- 138 _o.o 

217.0/240 

+28.8 

8.4+ 0.5 

42.5 ± 3.5 

34 

54.0±|| 

7 9+°- 3 

' -0.3 

251.0/237 

22.0II! 

2 *.oll;0 

216.1/237 

1 54+ 2 - 33 
±-£>4 _ 0.63 

30.611/ 

-0 63+ 0 - 40 
u.Od_o 25 

213.7/236 

+34.9 

23.3+ 0.7 

149 ± 7 

35 

4ll ±l;g 

8 5 + °- 2 
8 ' 5 — 0.2 

332.9/241 

28.2+3/ 

31 '*11.5 

217.5/241 

0 97+ 9 43 
-0.30 

32.6+J- 3 

0 OO + 0-17 
— O- 82 — 0 17 

216.2/240 

+ 115.4 

45.5+ 1.0 

258 ± 9 

36 

**'2 — 5.1 

9 7+ 0 - 2 
y -0.2 

295.0/240 


**+11 \l 

213.4/240 

3 7+ 1 ' 8 
8 -1.1 

37 1 + 1 ' 4 
8 ' ' 1 — 1 .4 

_ Q 50 +0.18 
°- 5U -0.17 

204.6/239 

+81.6 

37.7+ 0.8 

364 ± 10 

37 

5-»±i:; 

q 0+O.6 
93 -0.6 

331.0/237 

*■*11 1 

44 '*1 5 4' 4 6 

280.6/237 

0 03 - * -0 ’ 02 
U U -0.01 

45 2 - * -8 ' 8 
4£> ' 2 — 7.8 

— 1 49+ 0 - 25 
A4y -0.0 

277.2/236 

+51.0 

22.7+ 1.0 

64.7 ± 4.6 



